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Objective: To evaluate the role of the surgical access with regard to the generation of proinflammatory proteins in 
patients with aortoiliac occlusive disease. 
Design: Non-random, prospective study of patients undergoing an aortobifemoral bypass procedure. 
Materials: Twenty-six patients were divided into three groups. In the first group of eight patients, a transperitoneal 
median laparotomy was used. The second group comprised 10 patients in whom a laparoscopically assisted extraperitoneal 
minilaparotomy was performed and, in the third group, eight patients were operated on using a retroperitoneal ccess. 
Methods: Biochemical nalysis of acute phase proteins and the cytokines interleukin-6 (I16), interleukin-8 (I18) and 
tumour necrosis factor (TNF). 
Results: Aortic cross-clamp and total operative time were significantly longer in the laparoscopic group. After 24 h 11-6 
concentrations were significantly higher in the transperitoneal (p<O.05) and the retroperitoneaI group (p<O.O06). After 
6 h there was a reduced I1-8 concentration i the laparoscopic group compared to patients with a standard retroperitoneal 
access. Neither TNF nor acute phase proteins howed any significant alterations. 
Conclusion: Laparoscopic-assisted vascular surgery allows for a smaller incision and reduces the surgical trauma, as it 
is reflected by interleukin levels. 
Introduction 
There have been several recent reports describing 
laparoscopic aortoiliac surgery. 1-3 Among these are 
several groups who managed to perform total laparo- 
scopic bypass procedures without any additional in- 
cisions. Laparoscopic vascular surgery can be an 
attractive, less invasive management option for 
patients who fear the large incision necessary for gain- 
ing adequate access to the aorta. No clinical study has 
yet evaluated the possible benefits for the patients 
with atherosclerotic aortoiliac disease using this less 
invasive technique. This is important, as laparo- 
scopically assisted retroperitoneal dissection, com- 
bined with standard vascular surgical procedures, 
increases the complexity of the operationY 
After initial experimental evaluation we started 
laparoscopic-assisted vascular surgery using a gasless 
technique where the abdominal wall was elevated 
with the help of a lifting device. We assumed that 
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after minimally invasive aortoiliac reconstructive sur- 
gery the patients would recover faster due to a reduced 
immunological response to the surgical trauma com- 
pared to patients operated on in a conventional way. 
Material and Methods 
During an 18-month interval 26 patients admitted 
for aortoiliac occlusive disease were entered into this 
study. There were three study groups: the first one 
consisting of eight patients operated in a conventional 
way using a transperitoneal median laparotomy. The 
second group of 10 patients was operated with the 
help of a laparoscopically assisted extraperitoneal 
minilaparotomy in the left flank, and in the third 
group of eight patients aposterolateral retroperitoneal 
incision was performed. The study design permitted 
a comparison of the laparoscopic technique with the 
two most widely used incisions in aortic surgery. 
Patients with aortoiliac thrombendarterectomies 
which were performed laparoscopically during the 
same study interval were not included, to improve 
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uniformity. In all three groups an aortobifemoral by- 
pass procedure was performed. 
For each patient a database was used and multiple 
preoperative, intraoperative and postoperative vari- 
ables were prospectively recorded. All patients were 
operated without formal randomisation, the operative 
technique depending on the preference of one of the 
three surgeons in charge. All laparoscopic procedures 
were performed by the senior author only. Patients 
who required aortoiliac and simultaneous peripheral 
reconstructions were excluded because the additional 
biochemical response to the increased surgical trauma 
would not allow these cases to be compared with 
patients where aortofemoral bypass grafting only was 
performed. 
Exclusion criteria for the study as a whole and for 
a laparoscopic-assisted t chnique, were aneurysmal 
and renal artery disease, or previous ipsilateral ex- 
traperitoneal surgical procedures. Patients with a mean 
body index >30 or those in class III of the American 
Society of Anaesthesiologist Physical Fitness Clas- 
sification were excluded, as well as patients where 
a suprarenal clamping was required or those with 
previous reconstructions in the groin requiring a pro- 
longed total operating time. The study protocol was 
approved by the local hospital ethical committee and 
informed consent was obtained, explaining in detail 
to each patient scheduled for the laparoscopic-assisted 
procedure the experimental design of the laparoscopic 
operation. In the minimally invasive group we did 
not gain adequate access to the aorta in two cases and 
therefore had to convert to an open transperitoneal 
procedure. These two patients were included in the 
study on an intention-to-treat basis. 
All operations were performed under general an- 
aesthesia. Weaning from artificial ventilation, tracheal 
extubation and discharge from the intensive care unit 
(ICU) were performed according to standard pro- 
cedure and the clinical judgement of an independent 
anaesthetist. 
The parameters measured included total operative 
time, complications and the metabolic response to the 
operation. Patient discharge was at the discretion of 
the individual surgical teams involved. 
Laparoscopic-assisted operative technique 
In all cases after induction of general anaesthesia 
and establishment of controlled ventilation with an 
endotracheal tube, orogastric decompression of the 
stomach was performed. Haemodynamic monitoring 
consisted of an arterial line and a central venous 
catheter. After positioning of the patient in a right 
lateral decubitus position, a 5-8 cm extraperitoneal 
minilaparotomy was performed in the left flank. The 
patient was put in a steep Trendelenburg position and 
the table tilted to the right. The transverse fascia 
was exposed and an expandable balloon introduced 
(General Surgical Innovations Inc., Portola Valley, CA, 
USA). The balloon was inflated serially to a total of 
1000ml saline solution to create an extraperitoneal 
space. Insertion of the balloon trocar under direct 
visual control of a laparoscopic video camera llowed 
mobilisation of the peritoneal sac medially. After re- 
moval of the balloon a wall lifting device (Omnilift) 
was inserted together with the video camera through 
an extra incision. The peritoneal sac was kept in place 
with the help of one or two laparoscopic retractors 
(Endoretractors Autosuture). The minilaparotomy was 
used for dissecting the abdominal aorta and the bi- 
furcation from the surrounding tissues. Cross-clamp- 
ing of the aorta was performed with a regular aortic 
clamp inserted through an extra stab incision. The 
distal aorta was cross-clamped with a vascular clamp 
through an additional incision or, in cases where an 
end-to-side anastomosis was planned, the distal aorta 
was blocked with a balloon catheter introduced tran- 
sfemorally from the groin. In those patients where 
an end-to-end anastomosis was performed, the distal 
aorta was ligated with a linear stapling device (TA 55 
Autosuture). The proximal anastomosis was sutured 
with standard vascular surgical instruments. 
Biochemical nalysis 
The main purpose of our study was to assess the 
influence of the access to the aorta with regard to the 
extent of the surgical trauma. Therefore we tried to 
quantify the operative trauma by measuring the cy- 
tokine patterns and the course of acute phase proteins 
assuming that a smaller incision would result in a 
reduced activation of inflammatory mediators. Major 
surgery initiates a complex inflammatory response in 
which the proinflammatory mediators tumour necrosis 
factor, interleukin-6 and interleukin-8 are thought to 
play a major role. Higher concentrations of these cyto- 
kines in the early post-injury phase are associated with 
an activation of acute phase proteins uch as C-reactive 
protein or haptoglobin. The concentration of the circu- 
lating cytokines I1-6, I1-8, and TNF was measured 
preoperatively, 6 h and 24 h postoperatively. 
Blood samples were taken from the arterial ine. For 
logistic reasons they could be deep frozen only 1 day 
later and stored at a temperature of -70  °C until 
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Table 1. Clinical data of all three treatment groups. 
Transperitoneal Laparoscopic Retroperitoneal 
Age ~ (years) 73.5 q- 16.5 62.0 + 29.2 68.0 + 18.2 
Diabetes (%) 37.5 20 0 
Hypertension (%) 50 30 37.5 
Cardiovascular disease (%) 62.5 30 37.5 
ABI ~ preoperative 0.50 ± 0.27 0.45 + 0.55 0.60 + 0.35 
Severe claudication 3 2 4 
Ischaemic rest pain 1 2 0 
Tissue loss 4 6 4 
ABI = ankle-brachial index. 
Median values and interquartile range. 
further analysis. I1-6, I1-8 and TNF were analysed 
using a solid phase chemiluminescence immuno assay 
(ELISA, Biermann, FRG). The lower limit of detection 
was 0.5 pg/ml  for I1-6 activity, 10 pg/ml for I1-8 and 
10 pg/ml for TNF. Normal values for I1-8 were between 
not detectable and 70 pg/ml and for I1-6 between ot 
detectable and 11.3 pg/ml. 
Statistical analysis 
All data were analysed on an intention to treat basis. 
The results of the blood samples taken in the three 
groups were tested for significance by an analysis of 
variance (ANOVA) including Duncan's post hoc test 
for multiple comparisons using a commercial statistical 
software package (SPSS for windows). Significant dif- 
ferences between groups were tested with the non- 
parametric Mann-Whitney U-test We considered p
values <0.05 to be significant. The data are given as 
median values with interquartile ranges. 
Results 
There were more patients with critical ischaemia in 
the laparoscopic group than in the two conventionally 
operated groups. Neither the preoperative ankle- 
brachial index (ABI) nor the incidence of co-morbid 
diseases differed significantly between groups (Table 
1). In each group there were at least two patients 
where one or more attempts had been made to treat 
the various aortoiliac lesions by angioplasty. A total 
number of five iliac stents had been inserted without 
durable long-term success. 
Patency of the grafts was assessed by Doppler de- 
rived pressure measurements a well as by colour- 
flow duplex scanning in all cases. The median ABI 
was 0.97 in the transperitoneal, 0.95 in the laparoscopic 
and 1.0 in the retroperitoneal group. In all cases direct 
proximal revascularisation was performed by an aorto- 
bifemoral bypass procedure. In the laparoscopic group 
the profunda femoris artery was the site of the distal 
anastomosis in five patients, in the transperitoneal 
group in three, and in the retroperitoneal group in 
four patients. 
The median age was significantly higher in the 
conventionally operated patients compared to the 
study group. Therefore postoperative l ngth of stay 
could not be chosen as a differentiating parameter. 
Most of the elderly patients were, according to our 
social insurance system, entitled to and wished further 
treatment in a rehabilitation centre and had to wait 
for a vacancy while still being in the vascular surgical 
ward, which explains the relatively long postoperative 
stay. 
All patients were monitored on the intensive care 
unit. Mean aortic cross-clamp time was significantly 
longer (p<0.001) in the laparoscopic group 
(45-100 min) compared to patients with conventional 
access. In accordance with the more time consuming 
laparoscopic technique, the total operative time dif- 
fered significantly (p<0.000) from the two reference 
groups, the longest case lasting 6 h and 40 min. The 
minimum time required for the laparoscopic pro- 
cedure was 3 h and 30 min (Table 2). 
There were no major complications in either group. 
Three patients developed a lymphatic fistula in the 
groin requiring outpatient treatment after hospital dis- 
charge. There was one incisional hernia in the ex- 
traperitoneal group and two patients in the same 
group complained about prolonged pain at the cranial 
margin of the incision which lasted for more than 5 
weeks. In the laparoscopic group there was one early 
graft occlusion on the second postoperative day re- 
quiring thrombectomy and a profunda plasty which 
had not been performed initially in a patient with 
superficial femoral artery occlusion and one vessel 
tibial run-off. This patient was discharged after 21 
days. Another patient in the retroperitoneal group had 
to be readmitted 40 days after discharge for graft 
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Table 2. Aortic cross-clamp and total operative time. 
Transperitoneal Laparoscopic Retroperitoneal 
Cross-clamp time (min) 40.2 ± 5.2 73.0 ± 5.1" 52.1 + 6.9 
Operative time (min) 129.2 ± 12.7 270.5 ± 16.6" 144.6 ± 14.3 
* Significant difference between groups. 
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Fig. 1. Box plots with I1-6 distribution i the two conventional and 
the laparoscopic study group at three time points: before, and 6 
and 24 h after the procedure. Median values and interquartile ranges 
(IQR) are given. ([]) I1-6 preop; (•) I1-6 6h postop; ([~) I1-6 24h 
postop. 
occlusion. A thrombectomy and a femoropopliteal 
bypass procedure was performed. One patient in the 
same group developed pneumonia which caused a 
prolonged stay in the ICU. Both patients in whom 
conversion to a conventional transperitoneal operation 
was necessary had an uneventful recovery and were 
discharged on the 11th and 12th day, respectively. 
There was no significant difference in I1-6 con- 
centrations between trans- and retroperitoneally op- 
erated patients. After 6h I1-6 was higher in the 
transperitoneal group (p<0.07; Mann-Whitney U-test) 
and after 24 h there was a significant difference be- 
tween these two groups (p<0.05). When compared 
with the retroperitoneal access no significant difference 
could be established after 6 h (p<0.22), yet after 24 h 
due to the operative trauma I1-6 concentration had 
significantly increased in the retroperitoneal group 
compared to laparoscopically operated patients 
(p<0.006) (Fig. 1). After 6 h there was a significantly 
reduced I1-8 concentration i  the minimal invasive 
group compared to patients with a standard retro- 
peritoneal access (p<0.02). This effect was lost after 
24 h (p<0.39). Compared to the transperitoneal ccess 
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Fig. 2. Box plots with I1-8 concentrations i  relation to the operative 
procedure and the different time points. Median values and IQR 
are depicted. ([]) I1-8 preop; (•) I1-8 6 h postop; ([]) I1-8 24 h postop. 
there was no early difference after 6 h (p<0.19), yet a 
highly significant effect after 24 h (p<0.01) (Fig. 2). 
TNF was not detected in either group in quantities 
large enough to permit an exact comparison. The acute 
phase response showed large perioperative variations. 
Transferrin already differed preoperatively to a sig- 
nificant extent. Haptoglobin concentrations were sig- 
nificantly increased after 24 h in the transperitoneal 
group (p<0.002) compared to the other groups, and 
CRP did not show any significant changes in either 
group. 
Discussion 
The potential benefits of laparoscopic surgery include 
the reduction of postoperative morbidity and pain, less 
compromise of gastrointestinal function and earlier 
return to a normal activity. After introduction of la- 
paroscopic surgery these techniques were introduced 
into almost every operative field and subspeciality. 4-7 
Yet in vascular surgery video-assisted techniques were 
only applied in peripheral reconstructions and in ven- 
ous surgery. Major procedures uch as aortofemoral 
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bypass grafting or thrombendarterectomy were con- 
sidered to be unsuitable for minimal invasive tech- 
niques. For patient safety, adequate access and the use 
of standard surgical instruments eemed to be an 
insurmountable obstacle. However, a number of sur- 
geons have started using laparoscopic techniques to 
expose the aorta and iliac arteries and to minimise 
the incision necessary for aortoiliac reconstructions. 
Basically there are several ways to achieve this goal. 
Dion et al. were among the first who succeeded in 
performing an aortofemoral bypass after trans- 
peritoneal dissection of the retroperitoneum and the 
aorta. Their laparoscopic approach required a pneu- 
moperitoneum and an 8 cm incision for suturing the 
graft with standard instruments. 2 The transperitoneal 
approach was published more recently, without the 
pneumoperitoneum, using a wall lifting device and 
gasless laparoscopy instead. Research efforts finally 
led to aortofemoral bypass grafting performed entirely 
laparoscopically using CO2 as well as gasless tech- 
niques. 8-1° 
After initial experimental s well as clinical studies, 
we concentrated on retroperitoneal ccess in com- 
bination with a minilaparotomy. We found that the 
extraperitoneal ccess allowed for faster dissection of 
the retroperitoneum. In our preliminary studies more 
than half of the operating time was needed to keep 
the intestine from obstructing the view of the aorta. 
In our experience the video-assisted technique can be 
used in a cost effective way. Until now the longer 
operative time was the main cost factor. By reducing 
the use of disposable laparoscopic instruments to a 
minimum - in our most recent cases the balloon dis- 
sector was the only disposable laparoscopic tool - the 
longer operative time can be compensated for by the 
shorter hospital stay. 
Peak values of cytokine concentrations measured 
differed from those reported in the literature for 
patients with major surgical procedures, the reason 
for this being a later point in time when the blood 
samples were deep frozen. After 24h part of the 
cytokine activity is already less pronounced than after 
immediate storage in liquid nitrogen accounting for 
lower peak values. In recent publications cytokine 
concentrations were given for patients with abdominal 
aortic aneurysm (AAA) exclusion rather than aortoiliac 
occlusive disease. It can be assumed that part of the 
process leading to the formation of proinflammatory 
proteins is derived from ischaemia-reperfusion (IR) 
injury during and after aortic cross-clamping. In 
patients with long-term aortoiliac occlusive disease IR 
is probably less pronounced ue to collateral formation 
compared to patients with AAA. Since blood sampling 
and processing remained unchanged uring the study, 
the peak values are less important han the relative 
changes between the different groups. 
The significant reduction in cytokine release sup- 
ports the notion that video-assisted surgery is less 
invasive and that tissue trauma is reduced compared 
to conventional surgery. The need for large incisions 
in all cases of aortoiliac reconstructive surgery should 
now be questioned and selection criteria for la- 
paroscopic procedures established in combination 
with refinements in laparoscopic techniques. Perhaps 
in the future an alternative, less invasive treatment 
with well established long-term results can be offered 
to patients who otherwise might prefer interventional 
techniques with an inferior outcome and the need for 
repeated and expensive treatment. 11'12 
Since this is not a randomised study, bias in favour 
of a particular operative technique cannot be entirely 
excluded. This is particularly true since all laparoscopic 
procedures were performed by one surgeon using a 
retroperitoneal mililaparotomy. Transperitoneal la- 
paroscopic access can be an alternative, although in 
obese patients the incision used in this study is prob- 
ably less time consuming. 13-16 A randomised pro- 
spective multicentre study, including a larger number 
of patients, is necessary to evaluate which patients 
with aortic occlusive disease may benefit from the 
use of these minimal invasive techniques. A careful 
structured evaluation is necessary to document he 
safety and efficacy of this new operative technique in 
various settings before widespread clinical use can be 
recommended. 17 
In conclusion, our results show that the operative 
trauma of aortoiliac surgery reflected by the post- 
operative release of proinflammatory proteins can be 
reduced by a retroperitoneal minilaparotomy aided 
by laparoscopic assisted techniques. 
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